Purpose: We investigated serum antisperm surface antibody (ASA) prevalence at puberty, which is reported to be as high as 38% in the sera of males with cryptorchidism operated on before puberty. Operative technique impact, dartos pouch orchiopexy or testis fixation, was also examined.
1
At puberty spermatozoa appear in the luminal compartment of the testis but normally they are secluded from the immune system by the blood-testis barrier. This barrier is supplemented by local immune regulating mechanisms to prevent sperm autoimmunization. 2 In cryptorchidism the abnormal location of the gonads with subsequent local hyperthermia has been considered to induce alterations of the blood-testis barrier and to disturb the local immunoregulation. 3, 4 Cryptorchidism alone or associated with the traumatic effects of orchiopexy might result in access of these antigens to the immune system with the production of antisperm surface antibodies (ASA). In fact, these antibodies have been detected by the Immunobead test in 17% to 38% of infertile adults with a history of surgical treatment of cryptorchidism. 1, 3 In a study undertaken on prepubertal and postpubertal males with cryptorchidism Sinisi et al reported positive ASA testing in 11% and 38%, respectively, independently of orchiopexy. 4 To explain the presence of ASA, the authors assumed that sperm surface antigens are already present before meiosis and that the blood-testis barrier is either immature or impaired by heat due to abnormal testis position. Our negative results on ASA before puberty do not allow us to support the first assumption. 1 Concerning the integrity of the blood-testis barrier in cryptorchidism, there is a lack of data in humans, and experimental data are controversial. 5, 6 Taking the aforementioned into consideration, we designed a study to investigate whether surgically treated cryptorchidism can result in ASA production at puberty. This series included a prospectively followed group of males with cryptorchidism operated on by the dartos technique, and tested at puberty, as well as a group of pubertal males with cryptorchidism who had undergone different orchiopexy techniques, including fixation of the testis in the scrotum. Finally, a group of healthy pubertal males were enrolled for comparison. IgG, IgM and IgA ASA were tested by the indirect Immunobead test (IBT). During the study period IBT was routinely used for detecting ASA in the serum of infertile men.
MATERIALS AND METHODS
This case-control study included a total of 61 pubertal males, consisting of 3 groups. The first group comprised patients with cryptorchidism operated on before puberty by dartos pouch orchiopexy. The second group consisted of patients previously operated on for cryptorchidism by different techniques. The third group was composed of healthy pubertal males.
Group 1. A total of 24 males 10 to 17.9 years old (mean age Ϯ SD 13.65 Ϯ 2.77 years) who had undergone surgical correction of unilateral cryptorchidism in childhood were included in this group. Of these patients 20 belonged to a group of 33 patients with cryptorchidism followed longitudinally with serum collections done preoperatively, and 1 and 2 years postoperatively (3 total samples) as reported previously (serum codes C1 to C6, C11 to C12, C14 to C17, C19, C21 to Accepted for publication July 3, 2003. C27). 1 The current postoperative (fourth) measure was taken at puberty in these 20 patients, with the remaining 13 lost to followup. Furthermore, 4 additional patients of similar age with unilateral cryptorchidism were included in this group (serum codes O1 to O4). These patients had 1 sample preoperatively, which was kept frozen. They did not reply to second and third followup calls, and the current measure was taken at puberty. In all 24 patients unilateral dartos pouch fixation in childhood (mean age at operation Ϯ SD 6.26 Ϯ 2.92 years) was identically performed by the same pediatric surgeons.
Physical examination and a testis evaluation, including the operated and contralateral gonad, were performed before serum collection for ASA measurement at puberty. A detailed history since the previous hospital visit before puberty was acquired at the same time. All these clinical data were recorded.
Tanner stage 2 or greater was required for individuals to be considered pubertal. Individual and family history free of autoimmune or other systemic diseases, allergies or asthma was required. Patients had received no vaccinations during the preceding 2 months, and were infection-free and had received no medications during the 3 weeks before serum was taken. Physical examination did not reveal any pathological signs. At the time of venipuncture patients had a normal blood count and the 1-hour erythrocyte sedimentation rate was less than 15 mm. Urea, creatinine, glutamate oxalacetate transaminase and glutamate pyruvate transaminase were required to be normal and serum to be negative for hepatitis B surface antigen. No patients with retractile testes were included. No patients had received luteinizing hormone releasing hormone or human chorionic gonadotropin before surgery or during followup.
Group 2. A total of 22 new patients 12.1 to 17.7 years old (mean age Ϯ SD 14.13 Ϯ 2.39 years) who had previously been operated on for cryptorchidism (mean age at operation Ϯ SD 9.17 Ϯ 4.03 years) had single serum collection at puberty. Clinical records were retrospectively reviewed and data on age at operation, laterality of cryptorchidism, surgical technique undertaken, repeat operations and intraoperative findings were recorded. Six bilateral and 16 unilateral cases were included in this group. These patients had undergone either dartos pouch orchiopexy and/or testicular fixation.
Group 3. For comparison, 15 healthy pubertal males 12.2 to 17.3 years old (mean age Ϯ SD 14.18 Ϯ 2.55), volunteers derived from the general population, were involved in the study with a single serum measurement.
Inclusion criteria for groups 2 and 3 consisted of age 12 years or greater, Tanner stage 2 or greater, absence of vaccination, infection or trauma for 1 month before venipuncture, whole blood count within normal limits, and negative serological tests for human immunodeficiency virus and hepatitis B or C virus.
Families were informed of the goals of the study, and parental permission was obtained to draw blood. Sera were stored at Ϫ30C until the time they were tested together.
IBT. Serum antibodies were evaluated by the indirect Immunobead test as described by WHO. 7 Briefly, 50 l selected sperm suspension containing 2 ϫ 10 7 motile spermatozoa was incubated for 1 hour at 37C with 100 l sera samples diluted at 1:10. After 2 washings the sperm cells were resuspended in 50 l Tyrode solution containing 1 mg/ml bovine serum albumin. Then 10 l suspension was placed on a glass slide, mixed with the same volume of anti-IgG, anti-IgA or anti-IgM Immunobeads prepared as previously described and covered with a 22 mm coverslip. 7 After 10 minutes of incubation in a moist chamber at room temperature the percentage of motile spermatozoa coated with Immunobeads was scored using phase contrast optics at 400ϫ magnification. Immunobead binding to at least 20% of spermatozoa was used as the cutoff for positive ASA binding, as advised by WHO, based on the low level of nonspecific binding (less than 10%) found in fertile serum samples.
1 Adult serum samples with high titers of IgG (1:5,000) associated with IgA (1:100) ASA were included as positive controls.
Statistics. The 1-sample Kolmogorov-Smirnov test was performed to assess whether data were normally distributed. The Mann-Whitney U test was used for statistical testing, when appropriate. 8 Statistical analysis was performed with commercially available software.
RESULTS
Immunobead testing of serum in group 1 gave consistently negative results, since after incubation with the different serum samples less than 20% of donor spermatozoa were coated by anti-human IgG, IgA or IgM isotype specific Immunobeads. Table 1 outlines IBT results, together with individual age at orchiopexy and at serum sampling, as well as clinical remarks at examination before serum sampling, with preoperative negative results published previously given for comparison. 1 It is evident that unilateral dartos pouch orchiopexy performed at different ages before puberty did not induce the production of ASA at puberty within an interval of 5.5 to 10.1 years (mean Ϯ SD 7.37 Ϯ 1.51) after the operation. ASA findings were negative despite size and consistency alterations observed in the operated testes at the last clinical examination before serum sampling at puberty. Even in cases when the testis had totally regressed, either as an intraoperative finding (C2) or at clinical examination before venipuncture (C19), ASA was still undetectable. Contralateral testis examination was unremarkable except for hypertrophy observed in the 2 cases of totally regressed testis on the operated side.
Results of ASA testing were also negative in group 2 (table 2). These patients were significantly older when operated on (median age 10.35) than the group who had undergone dartos pouch orchiopexy (median age 5.85, u test, p ϭ 0.0097). In 4 patients who underwent 2 or more consecutive operations only age at first operation was considered. Sera from pubertal males who had undergone dartos pouch technique were ASA negative 0.3 to 9.8 years (mean Ϯ SD 4.3 Ϯ 2.58) postoperatively. Strikingly, transparenchymal fixation of testes to the scrotum did not induce any ASA within 1.3 to 14.5 years (mean Ϯ SD 5.65 Ϯ 4.33) after the operation. It follows that the orchiopexy technique undertaken did not influence the results of ASA testing at puberty. Even repetitive operations on the same testes did not bring any measurable immune response. Unilateral and bilateral cases had equally negative results. Serum samples from patients with a testis that was smaller at operation compared with its counterpart were still negative on IBT. Most of these factors were concurrently present.
Results in healthy pubertal males (group 3) are outlined in table 3. As expected, no positive ASA was found at puberty in this group.
During the study period 77 serum samples derived from men suspected of immune infertility were screened for ASA by IBT. This assay was positive for IgG in 40 men with titers ranging from 1:10 to 1:5,000. Seven of the serum samples tested were also positive for IgA with lower titers (1:10 to 1:100).
DISCUSSION
The results obtained in this study demonstrate that pubertal males undergoing 1 or more orchiopexies by different techniques at different ages before puberty did not have ASA development as detected by IBT. Considering the individual variation at which puberty starts, a Tanner stage 2 inclusion criterion was applied to select pubertal males. Further inclusion criteria were applied to avoid false-positive ASA results due to cross-reactions with ubiquitous microorganism antigens. 9 For ASA formation mature spermatozoa or at least their postmeiotic precursors must have access to the immune system. 10 Spermatogenesis is established at age 13 to 16 years, and onset of SERUM ANTISPERM ANTIBODIES AT PUBERTY IN PREVIOUSLY OPERATED CRYPTORCHIDISM sperm production, as judged by spermaturia, has been set at early mid puberty (median age14.1 years). 11, 12 It follows that most of the patients in this study should have had sperm antigens present in the testes when they were tested for ASA. These antigens are considered to be sequestered behind the blood-testis barrier that develops with maturation of the testis, at age 11 to 14 years in humans. 13 In addition to the barrier, active local and/or systemic regulatory mechanisms should operate to prevent autoimmunization to sperm antigens present on spermatogonia and preleptotene spermatocytes situated in the basal compartment of the seminiferous epithelium, a site not protected by the blood-testis barrier. 14 Taking the above into consideration, under normal circumstances ASA were not expected in the sera of healthy pubertal males. Negative results have been reported in a group of patients with cystic fibrosis 9 to 19 years old (Tanner stage 1 to 5) as well as in age matched diabetic male controls, and confirmed here in our population. 15 In cryptorchidism the question of whether the blood-testis barrier or some other local immunoregulatory mechanism could be affected by this genital tract anomaly remains open. Experimental data suggest that in cryptorchidism the bloodtestis barrier is intact and that function of inter Sertoli junctions is maintained. 5, 16 In addition, hyperthermia due to abnormal localization of the testis has been blamed for inducing ASA production in the sera of males operated on for cryptorchidism. 3, 4 However, experimental data have shown that although heat provoked decrease in testis weight and cryptorchidism led to increased germ cell apoptosis, the blood-testis barrier was only marginally affected. 16 Furthermore, germ cell development is reported to be abnormal in undescended testes in infancy (at the establishment of an adequate adult cell pool), in childhood (at the onset of meiosis) and in boys 10 to 12 years old. 17, 18 These observations support the negative results we obtained in patients with cryptorchidism who underwent the dartos pouch technique with no suturing between dartos pouch and testicle. With this technique mechanical damage to the testis is diminished. Consequently, when testing pubertal males who have undergone dartos pouch orchiopexy as surgical correction for cryptorchidism we actually examined cryptorchidism as an ongoing pathology. In this situation IBT results were negative even in cases with obvious macroscopic alterations of testis size or consistency, suggesting either that protective mechanisms are still efficacious or that sperm antigen load is severely impaired in undescended testes.
To test the hypothesis that surgical trauma might result in disruption of the blood-testis barrier and consequently in an immune response to sperm antigens, we included patients with cryptorchidism managed by testicular fixation. The absence of ASA in this group suggests that transparenchymal fixation results in local and transient damage, similar to that of testicular biopsy. Hjort et al 10 reported a transitory and weak increase of agglutinating ASA after open biopsy in 17% of patients with ectopic operated testes, whereas Steele et al 19 found no ASA development after needle biopsy in patients with obstructive and nonobstructive azoospermia. In our study a striking outcome was that in cases with consecutive operations, where more frequently testis fixation was performed, ASA was still absent. Also, late operated cases had similar negative results. Apparently, late surgical correction, considered by some as an aggravating factor of autoimmunization, and consecutive operations including testis fixation did not induce the production of ASA in the patients included in our study. 3, 20 Our results differ from those published by Sinisi et al, who found significant titers of ASA as detected by the Immunobead test and the tray agglutination test in the sera of 11% of prepubertal and 38% of pubertal (Tanner 2 or 3) males with cryptorchidism. 4 In the followup of their cases they did not find any important orchiopexy effect. In some cases ASA titers increased as boys entered puberty, suggesting that new antigenic epitopes would be released and observed after puberty. In fact, sperm surface specific antigens are found only after meiosis, and there is no clear-cut evidence that these antigens are already expressed in the precursor cells of the prepubertal testis. The consistently negative results reported here cannot be attributed to a low sensitivity of IBT, as this assay allowed detection of high titers of ASA in the sera of infertile men.
CONCLUSIONS
Our study indicates that cryptorchidism does not elicit an autoimmune response against sperm surface specific antigens before puberty and that orchiopexy, despite some clinically evident testicular adverse effects, did not provoke such ASA in boys followed to puberty. These results do not support the assumption that the clinically relevant ASA found in some infertile men with a history of cryptorchidism was either elicited before puberty or appeared at puberty as a consequence of developmental alterations of the testis.
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